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Several provocative maneuvers are widely used in the clinical evaluation of carpal tunnel syndrome (CTS), including the Phalen and Tinel signs. Literature reviews have suggested these two well known signs are of little diagnostic value in the diagnosis of CTS. 1 The flick maneuver is a less frequently used test that is elicited by asking the patient what they do with their hands and wrists when symptoms are most severe. If the patient demonstrates a flicking motion of the hands and wrists (like shaking down a thermometer), the response is positive. The flick maneuver looked very promising in the evaluation of CTS in the study by PrysePhillips, 2 which documented a sensitivity of 93% and a specificity of 96%. After this report, two letters to the editor 3, 4 and one smaller study 5 reported much lower sensitivities and specificities. Therefore, its usefulness requires further validation. The purpose of this study was to objectively determine the utility of the flick maneuver, elicited as described above, in diagnosing CTS. We also evaluated the Tinel and modified Phalen signs to compare with the flick maneuver. Our null hypothesis predicted there would be no difference between these clinical tests in their ability to detect CTS. We also hypothesized the sensitivity of physical exam findings would improve when multiple tests were performed and when electrodiagnostic findings were more severe.
METHODS
Data were collected on consecutive individuals who were referred to our electrodiagnostic clinic between March 2000 through March 2002 who met study criteria. Inclusion criteria included subjects with complaints of upper limb symptoms for whom CTS was in the differential diagnosis and for whom complete data had been collected. Exclusion criteria included subjects with another known lesion explaining symptoms or cases in which there was incomplete data collection. During the 2-yr period, 142 subjects met these criteria. In cases of bilateral symptoms, the more affected side was chosen for study based on symptoms or electrodiagnostic findings if symptoms were equal.
Before electrodiagnostic studies were performed, each patient was evaluated clinically using the flick, Tinel, and Phalen maneuvers. Elicitation of the Tinel sign included tapping over the median nerve as it passes through the carpal tunnel at the base of the hand. A positive response consisted of tingling in the distribution of the median nerve over the hand. The modified Phalen sign was elicited by having the subject maximally flex wrists and maintain the position for Ն60 secs. A positive response consisted again of tingling in the distribution of the median nerve over the hand. Elicitation of the flick maneuver is described in the introduction. Clinical testing was essentially blinded by the fact that results were recorded before electrodiagnostic testing was performed.
After the clinical assessment, each patient underwent electrodiagnostic testing. Sensory nerve conduction studies consisted of a complete or partial combined sensory index (CSI) in all but three subjects who had other sensory studies performed. A CSI is the sum of three latency differences: median-ulnar across the palm (palmdiff), median-ulnar to the ring finger (ringdiff), and median-radial to the thumb (thumbdiff). 6 A CSI of Ն1.0 msec is diagnostic for CTS. 6 However, performing all three tests is not always necessary. Markedly abnormal latency differences in palmdiff, ringdiff, or thumbdiff (Ն0.4, Ն0.5, and Ն0.7 msec, respectively) predict an abnormal CSI in 99% of cases. 7 Similarly, those with very small latency differences in palmdiff, ringdiff, and thumbdiff (ՅϪ0.1, 0, and 0.1 msec, respectively) nearly always have a normal CSI. 7 Motor studies were also completed in all but seven subjects who had normal sensory studies. A median motor distal latency of Ն4.3 msecs was considered abnormal. The electrodiagnostic findings were used as the gold standard in determining if a patient had CTS. We chose to use the CSI because it is among the most sensitive and specific electrodiagnostic techniques in diagnosing CTS. 6 We used motor latencies as a means to objectively quantify increasing disease severity. Other diagnostic studies were done in many of these patients to rule out alternative diagnoses, which are not presented in this paper.
Main outcome measures included the sensitivity, specificity, positive predictive values, and negative predictive values for all clinical maneuvers. We also determined the sensitivity and specificity of any two combined tests. McNemar 2 results were used to evaluate if one test identified significantly more subjects with CTS than the others. Lastly, the sensitivity of the three clinical maneuvers were interpreted according to the severity of CTS.
RESULTS
The mean age of subjects was 46.6 yrs (range, 17-75 yrs), 58% percent were women, and 95 of 142 subjects (67%) had electrodiagnostic evidence of CTS. Sensitivities of the flick, Phalen, and Tinel maneuvers were 37% (95% confidence interval [CI], 27-46%), 34% (95% CI, 24 -43%), and 27% (95% CI, 18 -36%), respectively (Tables 1 and 2 ). Specificities were 74% (95% CI, 62-87%) for both the flick and Phalen maneuvers and 91% for the Tinel sign (95% CI, 84 -100%). Sensitivity did improve with combining any two tests. The combined tests were considered positive if either one of the two tests were positive. Combining a positive flick or Phalen maneuver improved the sensitivity to 49% (95% CI, 39 -60%). With a positive flick or Tinel test, sensitivity increased to 46% (95% CI, 36 -56%), and with a positive Phalen or Tinel sign, sensitivity was 41% (95% CI, 31-51%). Specificities fell to 62% (95% CI, 48 -76%), 68% (95% CI, 55-81%), and 72% (95% CI, 60 -85%), respectively (Tables 1 and 2).
The positive predictive value (the likelihood of disease when the test is positive) for the flick maneuver was 74% (95% CI, 62-87%), for the Phalen sign was 73% (95% CI, 60 -86%), and for the Tinel sign was 87% (95% CI, 74 -99%) in our population. Negative predictive values (the likelihood of disease being absent when the test is negative) ranged from 35% (95% CI, 26 -45%) with the Phalen sign to 39% (95% CI, 29 -47%) with the Tinel sign. The flick maneuver was similar at 37% (95% CI, 27-47%) ( Tables 1 and 2) .
We used the McNemar 2 test to evaluate if one test detected significantly more subjects than the others. When evaluating the subjects with CTS, the flick maneuver detected significantly more subjects when compared with the Tinel sign, with a McNemar 2 value of 4.2 (P Ͻ 0.05 level). There was no statistically significant difference between the flick and Phalen tests (McNemar 2 ϭ 0.9, with P Ͼ 0.25) or the Phalen and Tinel signs (McNemar 2 ϭ 1.8, with P Ͼ 0.10) in their ability to detect CTS.
With increasing electrodiagnostic severity, the sensitivity of all clinical tests overall trended higher, although this pattern was not noted at all data points (Fig. 1) . The flick and Phalen tests had a maximum sensitivity of 53%, with motor latencies Ͼ6.5 msecs, whereas the Tinel sign increased only to a maximum sensitivity of 34% in this group. Sensitivity generally improved with increasing CSI abnormality (Fig. 2) . The highest sensitivities were noted in the group with abnormal CSI values (grossly abnormal portion of the CSI but full index not done). The flick test reached a maximum sensitivity of 45%. The Tinel and Phalen signs reached a maximum sensitivity of 38% and 41%, respectively.
DISCUSSION
Our study did not confirm the high sensitivity and specificity of the flick maneuver as reported in the Pryse-Phillips 2 study. In fact, our data show it to be comparable with the well known Phalen and Tinel signs, which have proven to be of little utility in diagnosing CTS.
A recent review of the literature regarding clinical evaluation of CTS was published by D'Arcy and McGee 1 in the Journal of the American Medical Association. Several tests were found to be of limited use, including the Tinel and Phalen signs. 1 The sensitivity of the Tinel sign has ranged from 25% to 60% in the literature, with specificities from 64% to 80%. 8 -13 The sensitivity of the Phalen sign has ranged from 10% to 91%, with specificities from 33% to 86%. 8 -15 More valid clinical tests have included hand symptom diagrams, hypalgesia, and square-shaped wrist and thumb abduction strength. 1, 8 Tests that looked promising but required further validation included the flick sign. 1 The evidence supporting use of the flick maneuver comes largely from the Pryse-Phillips 2 study, in which the flick sign was analyzed among 505 subjects, 212 of whom had CTS by clinical and electrodiagnostic criteria. This author found the flick test to have a sensitivity of 93%, with a specificity of 96%. These results were questioned in two editorials. In the first, Krendel et al. 3 reported the sensitivity of the flick maneuver to be 25%, with a specificity of 61%. In the second, Roquer and Herraiz 4 found the flick maneuver to have a sensitivity of 36%. In a study by De Krom et al. 5 , the flick maneuver was found to have a sensitivity of 50%, a specificity of 61%, a positive predictive value of 54%, and a negative predictive value of 58%.
In our study, the likelihood of a positive clinical sign in a subject with CTS was quite low (27-37%). In fact, these percentages are only slightly higher than the likelihood of a positive sign in a subject without CTS, with false-positive values of 26% for the flick and Phalen maneuvers. The false positive rate for the Tinel sign is lower at 9%, although the sensitivity is significantly lower as well. Combining any two tests did improve sensitivity, the highest being with combining a positive flick or Phalen sign for a sensitivity of 49%. However, specificity also dropped significantly. In other words, of patients with CTS, 49% had a positive flick or Phalen test, whereas among patients without CTS, 38% had a positive test. This information is of no diagnostic value.
Positive predictive values were fairly high (73-87%). However, predictive values depend on the prevalence of disease in the population, and in our study population, the prevalence was high. In our subjects referred for evaluation of CTS, 67% could be expected to have CTS before evaluation. So, in fact, having a positive clinical test increased the pretest probability by very little (7% in the case of the flick maneuver). Similarly, having a negative clinical sign only changed our pretest probability of not having disease by 2% to 6%, with negative predictive values ranging from 35% to 39%. The flick maneuver when compared with the Tinel sign was found to detect significantly more subjects with CTS, which reveals the difference in sensitivities between the tests was significant (37% vs. 27%). Although the sensitivity of the clinical tests tended to improve with increasing disease severity, their peak sensitivities only reached 45-53%.
The low sensitivities that we found using the flick maneuver indicate that people without CTS also flick their hands. One hypothesis to explain this is that hand flicking increases proprioceptive input. By stimulating the large myelinated nerve fibers, transmission in small unmyelinated pain fibers could be inhibited, as described in the gate control theory of Melzack and Wall. Therefore, the flick maneuver may provide relief for various painful hand conditions. Another hypothesis is that the autonomic fibers that travel through the carpal tunnel could be affected. As one sleeps, the wrists are commonly in a static flexed or extended position that could lead to in- creased carpal pressure and altered blood flow, resulting in nonspecific paresthesias rather than CTS. Flicking could increase arteriolar pressure, blood flow, and venous return, which may reduce edema and normalize the electrical stability of autonomic fibers.
Some limitations in our study should be mentioned. First, there were multiple physicians involved in the data collection, which raises the question of interrater reliability in both evaluating clinical signs and with subtle variations in electrodiagnostic technique. All involved physicians were well trained both in the proper elicitation of clinical maneuvers (as described earlier) and electrodiagnostic testing, so we feel testing technique was consistent. We are not aware of studies looking at the validity (test-retest, interrater reliability) of the flick maneuver. The interobserver rater agreement has been reported to be substantial for the Tinel sign (kappa ϭ 0.77) and Phalen sign (kappa ϭ 0.65). 16 Second, some think that to calculate true sensitivity and specificity, a healthy, asymptomatic control group is needed. Our control group was symptomatic by definition, with upper limb symptoms as their reason for referral to the electrodiagnostic clinic. However, a study by Gerr and Letz 17 points out the true utility of a clinical test is not whether it can distinguish asymptomatic patients from those who have a clinical presentation that is typical for the disorder. Rather, diagnostic tests are used to assist in identifying those who actually have the condition from among a population of patients with symptoms compatible with the condition. That said, if an asymptomatic control group had been chosen, we likely would have seen higher specificities in our results.
Third, one inherent problem in determining the statistical values of various tests in the diagnosis of CTS is the lack of a true diagnostic gold standard for CTS. In this study, we used electrodiagnostic criteria as our gold standard; however, these tests are not perfect. The sensitivity for the CSI is 83% (in mild CTS), with a specificity of 95-97%. 6 Motor studies detect fewer patients, with reported sensitivities from 54% to 83%. 18, 19, 20 With the inability of electrodiagnostic testing to detect all cases of CTS, up to 15-20% of our symptomatic control group could have had CTS.
CONCLUSIONS
The flick maneuver has shown promise in one large study as a useful clinical test to evaluate CTS. Our study finds the flick maneuver has a low sensitivity and specificity that is similar to the Tinel and Phalen signs. Even with analysis of the data, looking at combined tests and increasing severity of disease, the sensitivities and specificities of all clinical tests remained very low. These clinical maneuvers are not suitable to reliably assess CTS before definitive treatment. Electrodiagnostic studies remain the gold standard for objective confirmation of CTS.
